Summary The incidence of non-hip femur fractures increased between 1984 and 2007, with an increase in the rates for women after 1996.
Introduction
The epidemiology of subtrochanteric, diaphyseal, and distal femur fractures is less well studied than that of hip (femur neck and intertrochanteric) fractures. Non-hip femur fractures occur much less commonly than proximal femur fractures, which are associated with falls and osteoporosis [1] . By contrast, non-hip femur fractures are often linked with severe trauma in younger patients. However, previous studies have shown that the incidence of non-hip femur fractures increases with age; moreover, this increase occurs mostly in women and is associated with fractures due to only moderate trauma [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Since both cortical and trabecular bone are lost with aging, it is not surprising that some of these fractures might share characteristics of the hip fractures attributed to age-related osteoporosis. More recently, interest in non-hip femur fractures has been driven by concerns that they may represent a complication of longterm bisphosphonate therapy [14] . The purpose of this study was to estimate the incidence of subtrochanteric, diaphyseal, and distal femur fractures among Olmsted County, Minnesota, residents in 1984 Minnesota, residents in -2007 . This analysis extends an earlier population-based study of non-hip femur fractures among Rochester, Minnesota, residents in 1965-1984 [13] .
Materials and methods
Population-based research can be conducted in Olmsted County (2000 population, 124,000) because medical care is virtually self-contained within the community, and there are relatively few providers [15] . Most orthopedic care, for example, is provided by the Mayo Clinic, which has maintained a common medical record with its two affiliated hospitals (St. Mary's and Rochester Methodist) for over 100 years. Recorded diagnoses and surgical procedures are indexed, including the diagnoses made for outpatients seen in office or clinic consultations, emergency room visits, or nursing home care, as well as diagnoses recorded for hospital inpatients, at autopsy, or on death certificates. Medical records of the other providers who serve the local population, most notably the Olmsted Medical Center, are also indexed and retrievable [15] . Thus, details of the medical care provided to community residents are available for study through this unique medical records linkage system (the Rochester Epidemiology Project).
Following approval by the Institutional Review Boards of Mayo Clinic and the Olmsted Medical Center, we used this database to identify all non-hip femur fractures that occurred among Olmsted County residents during the period 1984-2007. Except for four patients who declined to authorize the use of their records for research [16] , detailed provider-linked inpatient and outpatient medical records were reviewed for all residents with any diagnosis attributable to diagnostic rubric 820-821 in the International Classification of Diseases, Ninth Revision, Clinical Modification [17] , or equivalent codes in earlier classification systems. Almost all were admitted to local hospitals, but the availability of outpatient data allowed us to identify fractures that occurred elsewhere, as well as a few nursing home residents who were not hospitalized. All non-hip femur fractures, which account for about 5% of all femur fractures [13] , were included.
Radiographic confirmation was obtained in virtually all instances, but the original radiographs from earlier years were not available for review. Designation of the fracture site was, therefore, based on radiologists' and surgeons' reports. Fracture x-rays or reports were reviewed by two of the authors (A.N., S.A.S.), one of whom is an orthopedic surgeon, to verify classification. The Arbeitsgemeinschaft für Osteosynthesefragen/Orthopedic Trauma Association (AO/OTA) classification [18] was used to classify non-hip femur fractures: Subtrochanteric fractures were defined as AO/OTA categories 32A1.1, 32A2.1, 32A3.1, 32B1.1, 32B2.1, and 32B3.1, while mid-diaphyseal fractures included all remaining AO/OTA category 32 fractures; distal femur fractures were defined as all AO/OTA category 33 fractures. Differentiation of initial from subsequent fractures was based on review of complete contemporary medical record documentation. Non-hip femur fractures were categorized as due to severe trauma, to no more than moderate trauma, or to pathologic causes. Severe trauma fractures occurred with motor vehicle accidents, falls from greater than standing height, and high-impact recreational activities. By convention, fractures attributed to minimal to moderate trauma occurred with falls from standing height or less or in the absence of an obvious precipitating event. Pathologic fractures were associated with a specific pathological lesion of the femur (e.g., metastatic malignancy).
Incidence rates were estimated separately for the people affected by their initial non-hip femur fracture during the study period (first fractures), as well as for all such fracture events that occurred in that interval (all fractures), including those subsequent fractures observed among individuals whose first fracture occurred prior to residency in the community. In calculating incidence rates, the entire population of Olmsted County was considered to be at risk. Denominator age-and sex-specific person-years were estimated from decennial census data with linear interpolation between census years [19] and extrapolation from 2000 to 2008. Assuming that fracture risk for any individual is proportional and approximately constant over intervals defined in the underlying rate table (e.g., 1 year), the likelihood is equivalent to a Poisson regression [20] , allowing the use of standard software to estimate standard errors and calculate 95% confidence intervals (95% CI). Incidence rates for all non-hip femur fracture events, and 
Results
During the 24-year study period, 1984-2007, 727 non-hip femur fractures occurred in 690 Olmsted County residents. Fifty-one percent of the patients were female, with a median age at first fracture of 71.6 years (mean, 59.7 years); the median age at first fracture for men was only 21.4 years (mean, 31.2 years). In accordance with the racial composition of the community (96% white in 1990), 96% of the patients were white by self-report. Of the total, 690 (95%) were first fractures in this time period, including 18 concurrent bilateral fractures and 5 concurrent fractures of different AO classification on the same side, and 14 were subsequent non-hip femur fractures. Altogether, these 727 fractures were caused by severe trauma in 51% of the cases, minimal to moderate trauma in 34%, and a specific pathologic lesion in the remaining 15%. Of the total fractures, 20% were subtrochanteric, 51% were diaphyseal, and 29% involved the distal femur. Of the 278 fractures that occurred in 1984-1995, 11% were subtrochanteric, 63% were diaphyseal, and 27% were distal. By contrast, 26% of the 449 fractures observed in 1996-2007 were subtrochanteric, while 44% were diaphyseal, and 30% were distal. The overall age-and sex-adjusted (to 2000 US whites) annual incidence of any non-hip femur fracture among Olmsted County residents during the study period was 28.2 per 100,000 (95% CI, 26.1-30.3). The age-and sexadjusted rate for first non-hip femur fractures alone was 26.7 per 100,000 (95% CI, 24.7-28.7), with an ageadjusted incidence of 25.0 per 100,000 (95% CI, 22.3-27.7) among females and 26.6 per 100,000 (95% CI, 23.6-29.7) among males. The incidence of first non-hip femur fractures had a J-shaped distribution, with the highest rates in female (21.0 per 100,000) and male (37.8 per 100,000) children aged 0-9 years, and in women (362 per 100,000) and men (260 per 100,000) ≥90 years of age (Fig. 1) . Incidence rates were lowest in 30-39-year-old women (5.4 per 100,000) and 40-49-year-old men (9.1 per 100,000), although the pattern varied somewhat by fracture site (Table 1) . Thus, it was the diaphyseal fractures, especially in males, that accounted for the high fracture incidence in children and young adults, whereas the peak at older ages was explained by subtrochanteric and distal femur fractures, especially among women. This, in turn, related to the etiology of the fractures at specific skeletal sites in females and males, as the majority of diaphyseal fractures resulted from severe trauma (Fig. 2) .
Trends in first non-hip femur fractures are illustrated in Fig. 3 . The overall age-and sex-adjusted annual incidence rate was 22.1 per 100,000 (95% CI, 19.4-24.8) in 1984-1995, compared to 30.2 per 100,000 (95% CI, 27.2-33.1) in 1996-2007 (p=0.003) ( Table 2 ). In females, the rate increased significantly (p=0.002) from 20.4 per 100,000 (95% CI, 16.8-24.1) in 1984-1995 to 28.7 per 100,000 (95% CI, 24.9-32.5) in 1996-2007. The change in males, from 22.4 per 100,000 (95% CI, 18.3-26.4) to 29.5 per 100,000 (95% CI, 25.1-33.8), was of similar magnitude but 
Discussion
Although often considered a high-trauma fracture of young men, our study confirms previous work showing that the incidence of non-hip femur fractures is greater in women than men and increases dramatically with aging in both sexes [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Among men, subtrochanteric, diaphyseal, and distal femur fractures were all more likely to be attributed to severe, high-energy trauma, but this was true only for diaphyseal femur fractures among women. Women were also more apt to experience a subtrochanteric or distal femur fracture than one of the femur shaft, and the etiology was more often a fall. These findings suggest that many non-hip femur fractures are due also to osteoporosis, especially in older individuals who are at greatest risk. More importantly, perhaps, this investigation demonstrated an increase in overall incidence between 1984 and 2007, with the increase due mainly to subtrochanteric and distal femur fractures in older women, similar to the recent study by Wang and Bhattacharyya [12] . These investigators reported that, while hospitalizations for femur neck and intertrochanteric fractures in the USA decreased from 263,623 in 1996 to 229,942 in 2007, subtrochanteric fractures increased from 8,273 to 10,853. Likewise, Nieves et al. [4] compared the epidemiology of hip fractures to subtrochanteric and femur shaft fractures among US adults aged 50 years and older using both the National Hospital Discharge Survey and MarketScan, a large medical claims database, and showed that annual hospital discharge rates for hip fracture (including femur neck and intertrochanteric fractures) decreased from about 600 per 100,000 to roughly 400 per 100,000 between 1996 and 2006, while the incidence of subtrochanteric and femur shaft fractures did not change over this interval from a baseline rate under 30 per 100,000 in 1996. In Sweden, the number of hospital admissions for femur shaft fractures was also unchanged between 1998 and 2004 [2] . However, none of these investigators was able to evaluate these trends in the context of incidence rates prior to 1995, nor to evaluate the radiological features of the non-hip femur fractures that they found. In the present study, we did find a slight increase in non-hip femur fracture rates among Olmsted County women after 1995, when bisphosphonates were first widely introduced into clinical practice [21] , and the secular increase in non-hip femur fractures contrasts with the temporal trend of decreasing hip fracture incidence in this population over a similar time period [1] .
Strengths of this study are that it is population based and medical records, including both inpatient and outpatient records, are available for the duration of each subject's residency in the community. Due to redundant data systems, fracture ascertainment is believed to be complete [5] . The main limitation of this study is that most residents of Olmsted County are white, so that results from this community may not be generalizable to other populations. However, hip fracture incidence rates in Olmsted County are similar to those seen in US whites nationally [1] .
Conclusions
This population-based study suggests that non-hip femoral fractures increased between 1984 and 2007 in Olmsted County, largely because of an increase in moderate trauma fractures in older women over this interval.
